European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 9, Issue 7, Summer 2022

Prevalence and Pattern of Cerebral Variations during
Endovascular Diagnostic Angiography in Saudi Patients: A
Retrospective Observational Study

Ibrahim A. Almulhim®, Bothaina Mohammed Abdulshakour?, Atif Hussian
Alkhlagi®, Omar Ahmed Mohammed Alkhairi*, Hatim Mustafa Almasri°, Basem
Mohammad Almasri®, Basem Hamid Almalki®, Dania Mohammed Ali Alharbi’,
Amani Amjad kemawi’, Dalal Abdullah Hawsawi®, Anwaar Mosa Alhawsawi®,
Waleed Ibrahim Sendi'®, Daniah Ibrahim Bakhsh®, Afnan Saleh Hawsawi'!

"Neuroradiology consultant, King Fahad Medical City- Riyadh, Saudi Arabia.
’Radiology Consultant, Makkah Health Cluster, Saudi Arabia.
*Medical physics specialist, Radiology Department, M. K. F. H, Saudi Arabia.
*Specialist - radiological technology, medical services outputs department -
Directorate of Health Affairs Makkah Region, Saudi Arabia.
>Technician - radiological technology, medical services outputs department -
Directorate of Health Affairs Makkah Region, Saudi Arabia.
6Radiological Technician, Makkah Health Cluster, Saudi Arabia.
7Radiology, Al-Azizia Children Hospital, Saudi Arabia.
8Radiology, Polyclinic Alawali Center, Makkah, Saudi Arabia.
9Radiology, king Fahad general hospital, Saudi Arabia.
10Radiological Technician, MOH MAKKAH, Saudi Arabia.
11Radiographer, King Fahd Hospital in Almdinah Almonorh, Saudi Arabia.

Abstract

Background: Previous studies detected large number of variations in circle of Willis in
normal populations. There is limited data for the effect and correlation of normal
varieties and pathologic vascular anomalies

Purpose: Prevalence of normal variants and impact of its presence in decision making
process.

Patients and methods: Ninety patients' records underwent therapeutic angiography
were retrospectively reviewed and reallocated into two equal groups according to
pathology (group 1=vascular malformation group, group 2= ischemic insults). Age, sex,
type of pathology, site of normal variants and finally their impact on decision making
process were calculated.

Results: The mean and standard deviation of age in our study was found to be (40.18
years + 15.6), most of patients were between 30-40 years old. The total number of
normal variants that were detected in our study either at extra- or intracranial vascular
tree was 46 variants. Forty-nine cases were "ignored” or added no impact on the
proposed plan during neurointervention. The sensitivity of normal variants in changing
decision making process was seen in 15% of cases while the specificity was 100%.
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Conclusion: Normal variants were detected accidently through DSA for therapeutic
purposes in 47% of cases. The term normal vascular variation is simple to be defined
per se. However, when additional vascular event (aneurysm or AVM) was detected, the
neurointerventionist should be aware of its presence, possible complications and how to
proceed to the target without additional damage. These variations should be reported
and explained to the patient and/or family especially when they interfere with operative
plan or decision to avoid medicolegal consequences.

Keywords: DSA, normal variations, variants, aneurysm, COW

Introduction

Since the description of the arterial anatomy by Thomas Willis in 1664, many variations
were described in the literature (1-4). The classical circle of Willis (COW) was seen
only in less than 40% of populations (5-7). Vessels are known to exhibit anatomical
variations more frequently than bone, ligaments, nerves and muscles (8,9). Different
patterns of variations were described. These included aplasia, hypoplasia, duplication,
fenestration and trifurcation(10). These normally found variations are benign course in
its own. They may detected simultaneously with AVM or aneurysm in the same
territory or apart from it. For example, presence of aplasia or hypoplasia of a parent
vessel may produce a hemodynamic stress on an aneurysm which is already detected or
produce an ischemic attacks thereafter (5,11,12).

There are two important questions were raised by authors. First; are these normal
variations associated with vascular malformations (AVM or aneurysms). Second, could
these normal variations change the decision of the interventionists by trying different
route, different instrumentations or change the length of the procedure?

Patients and Method

Study Population and Sample Size

It is a retrospective, observational and controlled study started from July 2020 to
November 2020. This study included 90 patients undergoing diagnostic and therapeutic
catheter angiography complaining of symptoms and signs of, ICH or manifestations due
to aneurysm or arteriovenous malformation (AVM) referred from ER or outpatient
clinic for doing urgent angiography at our institute. After approval of the ethics
committee of researches and obtaining written consent from all patients scheduled for
digital subtraction angiography.

Study groups

All patients were reallocated within group 1 or group 2 as follows:

1. Group 1: 45 patients with AVM and aneurysm with inclusion and exclusion criteria
described below.

2. Group 2: 45 patients with known ischemia or TIA with no aneurysm or AVM during
routine pre-angiographic tests.

The first group is representative of cases group while the second one is the
representative of control group.
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Inclusion and exclusion criteria

The main inclusion criteria were; age above 18 years and presence of symptoms and
signs of chronic ischemia, ICH, fits or disturbance of conscious level that indicate
performing DSA later on. History of recent trauma and/or neurosurgical procedure were
regarded as exclusion criteria.

Techniques

Conventional endovascular diagnostic angiography should be performed to all patients
referred from neurology or neurosurgery ER/outpatient clinic.

Definition of terms

There are two important definitions; normal variations and change of decision. The
definition of normal variation is any change in the anatomical architecture of the
cerebral vessels that carry no hazards to the neural tissue. Change in the decision is
defined as any deviation in time, change of procedure and usage of different
instrumentations.

Statistical analysis

The statistical analysis was done by the Statistical Package of Social Sciences version
25 (Chicago, IL, USA). Categorical data were presented as percentages and compared
using Chi-square t-test. Numerical data were presented as mean and standard deviation
and compared by using Student’s t-test. P value below 0.05 were regarded statistically
significant.

Results

Patients’ Criteria

The mean and standard deviation of age in our study was found to be (40.18 years +
15.6), most of patients were between 30-40 years old (Figure 1). Males constituted
42.2% (38) pf patients. Patients' criteria are well plotted in Table 1. There was no
statistically significant difference between groups as regard age (p=0.145). Aneurysms
was detected in 24 patients (53.3%) while AVM were detected in 21 (46.7%) of patients
in group 1.

Table 1: Patients' criteria

Groups

Group 1 Group 2 Total Chi-square
N| % |[N| % |[N| % X? | P-value
<30 15| 33.3% | 8 | 17.8% | 23 | 25.6%
30-40 13 | 28.9% | 13 | 28.9% | 26 | 28.9%
Age 40-50 8 |17.8% | 11| 24.4% | 19 | 21.1% | 3.378 | 0.497
50-60 5| 11.1% | 7 | 15.6% | 12 | 13.3%
>60 4189% | 6 ]133% |10 11.1%
Female |24 [53.3% |28 62.2% |52 | 57.8%
Sex Male | 21| 46.7% | 17 | 37.8% | 38 | d2.20% | O 0 | 0393
presentation ICH 29 | 64.4% | 18 | 40.0% | 47 | 52.2% | 22.823 | *0.001

4469



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 9, Issue 7, Summer 2022

Ischemia | 2 | 44% | 7 | 15.6% | 9 | 10.0%
MASS 1124.4% | 6 | 13.3% | 17 | 18.9%
Vasculitis | 0 | 0.0% | 9 | 20.0% | 9 | 10.0%
Incidental | 1 | 22% | 1 | 22% | 2 | 2.2%
CCF 1]122% | 0| 00% | 1| 1.1%
Other 1]122% | 4| 89% | 5| 5.6%
Right 1]122% | 2 | 44% | 3 | 3.3% - -
Side Lift 1]122% | 4| 89% | 5 | 5.6% - -
Both 0100% |1]22% |1 | 11% - -
DM 1]122% | 6 |133% | 7 | 7.8% | 4.264 | 0.039
CVD 000% | 2| 44% | 2 | 22% | 2.818 | 0.093
HTN 7 |156% | 8 | 17.8% | 15| 16.7% | 0.080 | 0.881
Smoking 000% | 0] 00% | 0| 00% - -
SCD 000% | 2| 44% | 2 | 22% | 2.818 | 0.093
3 o
* G1 G2

Groups

Figure 1: Boxplot graph for compaing mean of age at both groups.

Normal variants: incidence and types

The total number of normal variants that were detected in our study either at extra- or
intracranial vascular tree was 58 variants in 43 patients (47%). The distribution of these
variants are plotted in Figure 2. The distribution of intracranial variants is shown in
Table 2 and Figure 3. By comparing events of both groups with Mann-Whitney test, it
has been found that
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Normal variants

Figure 2: Normal variations in our study according to area.

There was a statistically significant difference in events between two groups (p=0.0001)
with superior results to group 1 (vascular malformation group). The most common
variant was fetal origin of PCA followed by hypoplastic Al.

Table 2: Frequency of normal variants in both groups.
Groups .
Gl G2 Total Chi-square
N| % [N| % |[N| % X* | P-value
Presence of NV 43 | 95.6% | 15 | 33.3% | 58 | 64.4% | 43.497 | 0.0001*
Fetal Origin of PCA 7 | 156% | 6 | 13.3% | 13 | 14.4% | 0.090 | 0.764
Hypoplastic Al 6 |133% | 2 | 44% | 8 | 8.9% | 2.288 | 0.130
vertebral artery 2 | 44% | 0 | 00% | 2 | 22% | 2.818 | 0.093
Fenestration
Hypoplastic P1 1(22% | 2 | 44% | 3 | 3.3% | 0351 | 0.553
Persistent trigeminal 1]122% | 0| 00% |1 | 1.1% | 1.398 | 0.237
Persistent Hypoglossal | 0 | 0.0% | 2 | 44% | 2 | 22% | 2.818 | 0.093
ICA originaccessory | | 50 | o | 0.0% | 1 | 1.1% | 1.398 | 0.237
middle meningeal artery
Hypoplastic vertebral |\ 500 | 4 | 2206 | 1| 1.1 | 1.398 | 0.237
terminating as PICA
Origin of vertebral 0
0% | 2 | 44% | 2 | 22% | 281 .
artery from the CCA 0| 0.0% ° ° 818 | 0.093
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Figure 3: Bar chart of types of anomalies in our study.

By comparing the following variables (sex and age) versus presence of normal variants
detected , it was found that neither age nor sex were of statistically significant
correlation with the event (p=0.828, 0.124) respectively (see Figure 4 & 5).

i Presence of NV (No)

60.00%
50.00%
40.00%
30.00%
20.00%

10.00%

Female Male

Figure 4: Impact of sex on normal variants.
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Figure 5: Age distribution in normal variants cases and no variants.

Impact of normal variants' presence on decision making process

The presence of a normal variations during diagnostic angiography changed the
pathway of a therapeutic angiography in minority of cases (9 cases) as shown in Table 3
and Figure 6. However, 49 cases were "ignored” or added no impact on the proposed
plan during neurointervention. In Table 4, the diagnostic indexes of the normal variants'
presence were plotted, the sensitivity of normal variants in changing decision making
process was seen in 15% of cases while the specificity was 100%.

Table 3:
Presence of NV Total Chi-square
No Yes X? P-value
No N 32 49 81
- % 35.6% 54.4% 90.0%
Decision N 0 9 9
ves % 00% | 100% | 100% | >4°2 | <0001
Total N 32 58 90
% 35.6% 64.4% 100.0%

Table 4: Diagnostic index of normal variants presence in decision making process

of therapeutic angiography.

Statistic

Value

95% ClI

Sensitivity

15.52%

7.35% to 27.42%
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Specificity 100.00% 89.11% to 100.00%
Disease prevalence (*) 51.00%
Positive Predictive Value (*) 100.00%
Negative Predictive Value (*) 53.21% 50.46% to 55.94%
Accuracy (*) 45.56% 38.45% t0 52.67%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

H Decision (No)
M Decision (Yes)

0.00%

Presence of NV (No)

Presence of NV (Yes)

Figure 6: Bar chart of decision taken in cases of normal variation.
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Discussion

Prevalence of normal variations in our study at both extra- and intracranial vasculature
levels were found in 58 in 43 patients (47%). Most of these findings were suffering
from acute adverse event of a vascular malformation disease (AVM or aneurysm).
Indeed, our study showed that a presence of a normal variant may or may not abrupt the
plan of therapeutic angiography (only 9 cases). In our study, the complete pattern of
circle of Willis was found in 32 patients (35.6%). Hashemi et al found a complete circle
in around 35% of cases (13). Klimek-Piotrowska and colleagues surveyed 250 patients
with a high resolution CT angiography and they found complete circle in less than 20%
of cases (14). In contrast, anatomical study did by Sinha and coworkers found a
complete, normal caliber and symmetrical circle in 77.5% of specimens (15).
Therefore, the pattern of complete circle may be geographically varied. In many
literatures, the most common variant was a hypoplastic P1 (4,7,10,16), however, Al
hypoplasia following fetal PCA were the most common variants. In Kovac et al study,
the most common location was the vertebrobasilar system with 5 (1.1%) fenestrations
(8). The incidence of Al hypoplasia was found to be 36% of cases (17). A study on
anterior cerebral artery by using magnetic resonance angiography (MRA) showed that
aplasia rate was 5.6% (18). In contrast, Igbal et al (19) stated a hypoplasia in PcomA
rate of 24% that was followed by hypoplasia in the P1, A1 and AcomA segments.
Similarly, Karatas et al.(20) found hypoplasia most commonly in the PcomA. Certain
types of vascular malformations may encountered with normal variant presence, for
example AcomA aneurysm (17). This finding was also recorded by Suzuki (21) and van
Rooij (22). In a study that assessed anatomic variations of patients undergoing coil-
embolization with aneurysms, A1 dominance on one side with AcomA aneurysms was
found up to 70%. Al dominant flow was shown to act in aneurysm formation, growth
and instability after coil embolization treatment (18,23-25). Kryzewski et al. (26)
suggested that A1 and A2 segment anomalies of the anterior cerebral artery may
potentially be associated with aneurysm formation. Although the clinical significance of
ACA variations is usually minor, an associated aneurysm is found relatively
frequently(9,26-28). Till this moment, many articles discussed the impact of a single
variant on the clinical outcome of a specific type of events (e.g. aneurysm). In our
study, the fetal origin of PCA was detected in 14.4% of cases. Normally, the PCA is
origination from the bifurcation of basilar artery (posterior circulation). In fetal type, the
PCA is origination from internal carotid artery instead (29). Fetal origin of PCA was
regarded as risk factor for poor outcome in Pcom aneurysm natural history (30). Zanaty
and colleagues reported a case of failure pipeline embolization due to fetal PCA (31).
Another variant is hypoplasia of Al, in our study, the prevalence of this variation was
seen in 8.9% of cases. This finding is used to be harmful when coincide with Acom
aneurysm due to three causes. First, hypoplasia of Al produces asymmetry in vascular
tree which in turn exhibit a hemodynamic stress on the Acom artery (32,33).
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Experimental ligation of common carotid artery in hypertensive rats produces Acom
aneurysm (34). Second, the growth of the aneurysm. Many literatures found a linkage
between AcomA and Al hypoplasia (35-37). Third, treatment outcome. the possible
role of Al hypoplasia in the treatment success of Acom aneurysm has also been debated
(35,38,39). In particular, Al hypoplasia carriers show an increased risk of aneurysm
recurrence following coil embolization (36,37). In support of the clinical importance of
Al hypoplasia for the endovascular treatment of Acom aneurysms, there was a higher
risk of intra- procedural complications during Acom aneurysm coiling in SAH patients
with Al hypoplasia (32).
Conclusion
Normal variants were detected accidently through DSA for therapeutic purposes in 47%
of cases. The term normal vascular variation is simple to be defined per se. However,
when additional vascular event (aneurysm or AVM) was detected, the
neurointerventionist should be aware of its presence, possible complications and how to
proceed to the target without additional damage. These variations should be reported
and explained to the patient and/or family especially when they interfere with operative
plan or decision to avoid medicolegal consequences.
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